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and the pharmaceutically acceptable salts thereof wherein 
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Briet PIselosura of the Invention 

The present Invention provides a compound of the foltowing formula: 
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and the pharmaceutically acceptable salts thereof wherein 



Zl^^^L^ T^^^- ^y'='°^'k«"y' °^ f'^t^^oaryl Which « connected to Y through a carbon atom the 
heteroaryl being selected from pyridyl. pyridazinyl. pyrimidinyl. pyrazinyl. pyrrolyl. furyl thiZ oxS t^SoM 
|sooxa.oly -soth-azolyl. imidazo^ pyrazolyl. oxadiazolyl. triazolyl and letLoM ^ ^ ' 
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l^JoT 2^ o!'/.' "^,"'^:'k'^^'"" independently H. methyl, ethyl or halo; 

MS 0. 1 , 2, 3 or 4 (preferably 0, 1 or 2); and 

m and n are independently 0. 1, 2 or 3 (preferably 0 or 2) 
composlion o. «s kw.nto, wore SJStJ Si^S^lT T""" ^ comp<»„«)s and phannaeaulici 

»^a,...na....„.coa:ri"rr;:;rr,'::::;rr'^^^ 

t.«ln,en, o, bona K»5 (I^TIS.W .^JC r' ^S™" " 

.c.a,^,p^^,i^™:rr«r4rr^:)^^ 

Detailed D isclosure of the Inventten 

As used herein, • halo' is fluoro. chloro. bromoor iodo 

lialo«ibsl«uleiJ c, . alkifl hy*ox» o .ij^ r Ti. .1^ ^^T' infepanOenlly C,^ alM, halo, 

o. nUra; 1 i, 0 o, l; ana m and n a™ indep.n«nlly 6 o,T '"' "™™' 

X' an'^CXre^Talo T aS "Ti 'T'^ ^ P^«"V' »' C„ co«M; 

bromo, amino, cyano or nitro which is attarhoH t« tJL c ' or meinyisulfonyl. is H, fluoro. chloro, 

-CH=CH-. ^^"^ ^"""9 P^^'°" nzimidazol ring system; and Y is 

Preferred individual compounds of this invention ar : 
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(£)-2-(4-fluorostyryl). 1 ^phenyl- 1 H-benzimidazole; 
(£)-2-(2-fluorostyfyl). 1 -phenyl-1 H-benzimidazole hydrochloride; 
(£)-5-nitro-1 -phenyl-2-styiyl-1 H-benzimidazole; 
(E)-5-amino-1 -phenyl-2-styryl-1 H-benzimidazole dihydrochloride; 
(E)-5-bromo-1 -phenyl-2-styryl-1 H-benzimidazole; 
(£)-5-cyano-1 -phenyl-2-styryl-l /^benzimidazole; 
(£)-2-(2-cyclohexylvinyl)-l -phenyl-! H-benzimidazole; 
(£).2-(2.cyclopentylvinyl).l -phenyl-! H-benzimidazole hydrochloride- and 
-phenyl-2-[2.(2-pyridyl)vinyl]-l H-benzimidazole. 

Particularly preferred individual compounds are: 
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(E)-5-nitro-! -phenyl-2-styryl-! H-benzimidazole; 
(E)-5^yano-1-phenyl-2-styryl-1H.benzl midazole; and 
(£)-2-(2-cyclopentylvinyl).l -phenyl-! H-benzimidazole hydrochloride. 

Preferred phamnaceutical compositions of this invention comprise those compounds of the formula m whpr.in Ar 

in . '^°;;^P^";«'^!^Pf^^""^'=®"«^'composfti^ invemioncomprisethose compounds of the formula fh whera 
IS -CR -CR^-. Wherein and R2 are independently H or methyl 

Preferred .ndividual compounds to be contained in the pharmaceutical compositions are: 

(£)-! -phenyl-2-styryl-! H-benzimidazole; 
(£)-2-(4-fluorostyryl)-! -phenyl-! H-benzlmidazole; 
(£)-2-(2-fluorostyryl).! -phenyl-! H-benzimidazole'hydrochloride- 
(E)-5-nitro-1 -phenyl-2-styryl-l H-benzimidazole; 
(£)-5-amino-!-phenyl-2-styryl-! Ai^benzimidazol'e dihydrochloride; 
(£)-5-bromo-! -phenyl-2-styryl-! H-benzimidazole; 
(E)-5-cyano-! -phenyl-2-styfyl-l H-benzimidazole;' 
(£)-2-(2-cyclohexylvinyl)-! -phenyl-! H-benzimidazole; 
(£)-2-(2-cyclopentylvlnyl)-l -phenyl-! H-benzimidazole hydrochloride and 
-phenyl-2-[2-(2-pyridyI)vinylJ-! H-benzimidazoIe. 

Particular^, preferred indh^idual compounds to be contained in the pharmaceutical compositions of this invention 

(E)-! -phenyl-2-styryl-! H-benzimidazole; 
(E)-5-nitro-! -phenyl-2-styry I- ! H-benzimidazole; 
(£)-5-cyano-l-phenyl-2-styryl-! H-benzimidazole; and 
(£)-2-{2-cyclopentylvinyl)-! -phenyl-! H-benzimidazole hydrochloride 
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General Sy nthcaia 



Of compounds of related-structure to compounds of 'the p«vent^ ^•^nzi^Z^^:n^r''' r ^ 
eye. compounds, in He,.rocyClo Compoun<^, Vol. 40. Preson. P.TT^.Zn^^^Tm^^'''''^^ 
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instanr/rZf "^'I'^T""? """^ "'^•^^"'^ '° i" Scheme I In the 

instant example, a phenylenediamine compound of formula 1 Is reacted with a compound of formula 2 wh J« « Z 

l^t tTT' T • a paraldehyde or the like. The reaction may be conducted in the presSS^^ 

if nSiri , o-dchlorobenzene. nitrobenzene and dichloromethane. Preferably, the reaction is conducted in 
Iwc'rr V^T'"' ^y^^^^-'-'c acid, polyphosphoric acid, phosphorous pento^de ph^Sou^ 

cm2) to accelerate rt. preferably in the range of 2 to 150 kg/cm2 ^ ^ ^ ^ ^ 
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Scheme Tf 




Altemativety. the compounds of formula (I) may be prepared by a two step procedure from phenvlenGdiamine 
conpounds of formula 1 via the (A/-acylamino)phenylamine compounds of fomTub 4 as shownTnlhemeTrt^h^^ 
.rst step, a phenylened«m,ne compound of fomiula 1 1s reacted with a compound of fom,ula 3. wherein Z is selec ed 
rart^ioranSSioH -°^(°>Y-^-(>^)- -n-ntional methods kno,:; to fhi t S 

rpL^.^i ic , S L "^"'^ ^ compound of formula 3 is ca*oxylic acid (i e Z is OH) tS 

rmrrS'^J,'H""?f ' !" '1' T"^' °' ' ""9^"' ^"'^^ H6imethyl2;,inopro;yoi emySrS^^ 

tt liJe Sred^etctSTn!^^^ ^*°"y"«""*cla.ole. cyanophosphooic 22 diethyl eJeT^r 

w!.^!.K . 1 J ^'^ ^^^^ "^"^^ a'^etonitrile. dichloromethane, A/,/V<limethylformamide N 

W-dimethylacetamide.drmethylsulfoxide,dioxane,tetrahydrofuran and pyridine memypiormamtie. W, 

m« Jhr!!? °' (') ^'^ Provided by cyclization of the compounds of fomiula 4 The reaction 

may be conducted .n the presence or absence of a reaction inert soVent. Preferred reaction inert solventsTrSS 
nTprl^ZL"" r ^^.'^'''■^•^■^<^^^<^^*^^^> ^ichlorobenzene. nitrobenzene, dichlororne'ane an^a 
acL nhi^ ^' f r''""*^'* P'""^'^^ °' ^ P^°"'°'«^ °' hydrochloric ackJ. polyphosphorfc 

uni? ^ • rJ ^'°'"«"««""°"i<=acid. orthe like. Alternative^, the cyclization rettion ma7b?perto7med 

Sa e pSbn^tem: ^°"''"r'^ ""^^"^^ °' triphenylphosphine and dieth'ylaziiX 
xyla^e. Fteaction temperatures are preferably in the range of -40 "C to 250 'C, usually in the range of 20 "C to 200^ 



Scheme IIT 
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+ OHC-^ArT 




In another embcxJiment, the compounds of formula ri) wherein Y is rn4\-niu\ - 
scheme III. Thus, 2-methylbenzimida^o.e compound^^o/ilTs ar rea^, fll^C^^^^ 

performed in a sealed tube or an autoclave at medium (1-10 kg/crn^) to hiqh oressure f20-200 k«^rTL^l 1? / 

^rS: 1' ;° ^ '° r : • '^^^"^ ^ they^s^rre^^^ i'neTstI: 

Preferred reaction inert solvents include benzene, toluene, xylene, chlorobenzene nitrobenzene ac^ic^^cid icp^^ 

of 20 C to 200 'C, but If necessary, lower or higher temperature can be employed Reaction time mav varv in 0*^^ 
from 5 m,nutes to a day. preferably from 20 minutes to 5 hours, however shorter or iH^^SoXi tf necesS 

in the range of -100 C to 250 -C. preferably in the range of -80 "C to 20 'C. but if necessary, lower or higher temDeratur! 
can be employed. Preferred reaction inert soN^ents include THF, benzene, toluene an^xylenL ReactbnTme i^S 
vary, in general, from 5 minutes to one day, preferably from 20 minutes to 5 hours, howevnorteror lo^^^^^ 

SsSm"^"uS^^^^ 

fl . r. !••• carbonate, potassium carbonate, sodium hydride or potassium hydride- an amine 

such as tr.ethylam.ne. d..sopropylamine. diisopropylethylamine, piperidine or dimethylarnopyrrneCd an al^^^^^ 
■urn such as rvbutyl lithium, seobutyl lithium, rert-butyl lithium, m^hyl lithium or lithiL drpC^^e ^ 

Scheme TV 




EP0846689A1 



- "'"pounds of formula (I) wherein Y is C(H)=C(H) may be prepared by partial hydro- 
J.'^^T f ^-^-^ ''^P'^'^ Scheme IV. Preferred catalysts ir,clude f^ 

?0^?« H n H 2 ''"^ '^"'^^ N M re/rated 1996 37 

I^ll iTr,H f 'f'f ""'"^ '"'"'y"' ^^^'^^^^ reactior^-inert soVents include fo; 

Slrl H H • f'^.f °'- thyl acetat . dichloromethane. dioxane. tetrahydrofurar,, 

T^JnT on .r "^^'•"^ '^"^ ' ^^""y " ^^9« °' to 200 'C. usually in 

ReaLZ ,ii temperature of solvent, but II necessary, lower or higher temperature can be employed 

Reaction time is in general from 5 minutes to6 days, preferably from 100 minutes to 5 days 



Scheme V 
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fcJ^^oTrnH . 1 ""^ ^'^^'^ ^ ^ '^O'^POund of formula 8 with a compound of 

1^1 b?«™ r?T''":" """'"'^ ^'^'""^ ^ S'^^^'^^ '=°"'P°^"'^ °f 8 '"ay be synthe- 

sized by any of the methods described in Schemes I to IV herein before. The group L of the compounds of formula 9 

such ^""P^' ^''"'"P'^- ^"'^ - fl"oro. chloro. bromo or and JuJ'yi^^^ 

,i^. m^rr T'k"°"^'°'^' '"^^^"^'""^"y'oxy or A^toluenesulfonyloxy. all readily acces;ible by conve^ 
tional methods known to those skilled in the art. Preferably, the instant reactbn is conducted In the presence ofa 

hydroxide, potassium hydroxide, sodium methoxide. sodium ethoxide. potassium tert*utoxide. solium carb^^ 
potassKim carbonate, sodium hydride or potassium hydride, or in the presence of an organic ba^e ^ amine such as 
tr.e^ylam,ne.d.,sop^^^^^^ 

T ThT'*'""'":'''* /V,AWimethylfom,amide. /V./N^dimethybcetamide. dimethyteuSS di- 

oxane. tetrahydrofuran and pyridine. Reaction temperatures are preferably in the range of -40 -C to 4 "c usuaSl 
R^rr ° '^""P^'^'-^ °' if necessary, lower or higher temperature can be employ ed 

Reacjon lime is .n general from 5 minutes to 6 days, preferably from 30 minutes to 5 days. ConvenientV the^SiS 
Zhf ' " ^..P^^^^"'^^ °' ^ ''^^^^ ^talyst. for example. tetrakis(triph4lphosphine)-pa L^^^^^^^^ 

i?o7cu^rrhS^^^ 



Scheme VI 
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Scheme VTT 
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aldlJr^lh^' °* ^'^ ^ '"^y ''^ P^«Pa^«d by tho reaction of a suitable 

« ni1fl« ^.^"•^'"«^S.°«P'^°n*'^'" (Maryanoff. B. E, Reitz. A. B. Ch.m. Rbv. 1989. 35, 863) or a dialM pChl 
su nl T'""""' ■ ^988. 29. 477) as shown in Schemes VI and VII, Sie e'nl 1^ 

suitable phoshonium or dialkyi phosphonate salt. For appropriate references, see DE1939809A 

The stertmg material of formulae 1 . 2. 3. 4. 5. 6. 9. 1 0, 11 , 1 2 and 1 3 may be obtained by conventional orocedures 
known o those skilled in the art. The preparation of such starting materials is described w^hTmrac^^v fa 
nonl,m.„ng examples wfiich are provided for the purpose of illustration only. Alternatively. reSe stert^ 
» may b obtain d by analogous p«x:edures. or modifications thereof described her inaft r 

^.JH^.lT'^^ "^l? -^'! aforementioned general synthesis and illustrat d in th experimental 

tothos skilled ,n the art. such as distillation, r crystallization and chromatography techniques 
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The compounds of th present invention which contain one or more double bonds andtor asymmetric centers are 
capable of existing in various stereoisomeric forms. All such individual forms, and mixtures thereof, are included within 
the scope of the invention. Th various isomers can b obtained by standarel methods. For example. cisArans mixtures 
can be separated into the individual stereoisomers by stereos lective synthesis, or by separation of the mixtures by 
fractional crystallization or chromatography techniques. 

A number of the compounds of the present Inventfon ar capable of forming additbn salts with inorganic and 
organic acids. The phamiaceutlcally acceptable acid salts of the compounds of the present Invention are those which 
fomr. non-loxic addition salts, such as. but not limited to, the hydrochloride, hydrobromide. hydroiodide. nitrate sulfate 
or acetate, fumarate. tartrate, succinate, maleate. glucronate. saccharate. benzoate. methanesulfonate, benzenesul- 
fonate. p-toluenesulfcnate and pamoate (i.e.. 1.1'-methylene-6is-(2-hydroxy-3-naphthoate)) salts 

The compounds of the invention which have also acidic groups are capable of forming base salts with various 
phamiaceutically acceptable cations. Examples of such salts include the alkali metal or alkaline earth metal salts and 
particularly, the sodium or potassium salts. These salts are all prepared by conventional techniques. For example 
hese salts can be easily prepared by treating the aforementioned compounds with an aqueous solution containing 
the desired pharmaceutically acceptable cation, and then evaporating the resulting solution to dryness, preferable 
under reduce pressure. Alternatively, they may be also be prepared by mixing together with a lower alkoxide and then 
evaporating the resulting solution to dryness in the same manners as before. In either case, stoichiometric quantities 
P™'®'^'"^ ©"iP'oyed in order to ensure completeness of reaction and maximum production of yields 
of the desired final product. ' 

Also included within the scope of this invention are bioprecursors (also called prodrugs) of the compounds of the 
formula (IM bioprecursor of a compound of the formula (I) is a chemical derivative thereof which Is readily converted 
back into the parent compound of the tomiula (I) in biotogical systems. In particular, a bloprecursor of a compound of 
the formula (I) is converted backtothe parent compoundof the fomiula (I) after the bioprecursor has been administered 
to. and absorbed by, a mammalian subject, e.g., a human subject. For example, it is possible to make a bloprecursor 
of the compound o the formula (I) in which X" is a hydroxy group by making an ester of the hydroxy group Typical 
esters are simple alkanoate esters, such as acetate, propionate and butyrate. In addition, when >C Is a hydroxy group 
bioprecursors can be made by converting the hydroxy group to an acyloxymethyl derivative (e.g.. a pivatoyloxymethyi 
derivative by reactton wtth an acyloxymethyl hallde (e. g.. pivatoyloxymethyi chloride). When the compound of Z 
inlTtton ^"'^'^^ hydrates, such solvates are included within the scope of this 



Biological evaluation 



The activity of the compounds of the formula (I) of the present invention, is demonstrated by the following assays 
Human umbilical vein endothelial cells (HUVEC). whfeh was characterized by positive staining wtth von VWIibranrfs 
factor andanuptakeofacetylated low-density lipoproteins, was purchasedtrom Morlnaga Bioscience Lab., Yokohama 
:!!Ptr^^^o*^^Tu*^'"^'* ^'^^ KurashlkibousekiCo.. Neyagawa. Japan) in 5%CCV95%airat 3^ 

teul 1 « ^ftf ; '"oTrTi" ""^'^ ^^^"'^^ USA). Recombinant human inter- 

leukin-ip (h»^- p) was from R&D Systems (Minneapolis. USA). RIA kits for PGE2. JXB^ and 6-keto-PGF,„ were from 
Amersham (Tokyo. Japan). Indomethacin and other reagents were from Sigma Chemical Co. (St Louis USA) Dex- 
amethasone (decadronlTrademark]) was from Banyu Pharmaceutical Co. (Tokyo. Japan), VkcutainertTrademark] was 
from Becton Dickinson (Bedford. USA). Male Sprague-Dawley rats were purchased from Charles River (Hino. Japan). 

Human cell-based COX-1 assay 

Humaii cell based COX-1 assay was carried out essentially according toa previously described procedure (Gross- 
man ef a/.. /nffarn. fles., 44. /995. 253). Human peripheral blood was obtained from heatt^^ 

w^hXS °' ^"^^ <^«ntrifugation. platelet-rich plasma was 

Zlt^ ^ ^, f°d'"ni chtonde containing 12 mM TrIs-HCI (pH 7.4) and 1.2 mM EDTA. Resulting platelet was 
wash^ wrth 20 mM Hepes-Ca^* free Hanks buffer containing 0.2% BSA. Vteshed human platetet (WHP) was su^ 
, K f """"''^"r °' *" above buffer and stored at room temperature until use. Im- 

medBtely before assa,^ 10 pi of 1 2.6 mM CaCI^ was added to 70 m WHP suspension (2.0 x 107 cells/ml in a 96-well 
U bottom plate). Platelets were incubated with a test compound dissolved in DMSO (final concentratfon less than 

0.m%) and A23187 (final lO^M) at 37 -C for 15 m^. Reaction was stopped by addition Of EDTA (7rl^7^^^^ 

in the supernatant was quantitated by RIA. /• >/vd2 
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Human cell-based COX-2 assay 

Human cell based COX-2 assay was carried out essentially according to a previously described procedure (Moore 
e/aU/T»ar;rfles.,45, '936. 54). ConfluentHUVEC ina96-wellplate werevvashedwith lOOMof RPMI1640containing 
™m M i .""J T'^ ^ ^° 24 hr. HUVEC pretreated with hlL-ip were washed 

^l Jo-,T "^P^^-^""^ ' containing 0.2% BSA. The incubation was initiated in 100 m of the above buffer 
A23187 (tinal 30 fJW) and a test compound dissolved in DIV1SO (final concentration less than 0 01%) at 37 "C for 15 
mm. 6-Keto-PGFIa, a stable metabolite of PGIj. in the supernatant was quantitated by RIA. 

Carrageenan induced foot edema in rats 

Male Sprague-Dawley rats (5 weeks old), fasted overnight, were injected intradem«lly X-carrageenan (0 1 ml of 
!lo^!I^TT"'"^""^^'"'°"9'''''''^P^'*^^P'«^'°"s'y^«P°rted. (Winter e/ a/., Proc. Soc. Exp Biol Med 111 
7962. 544; Lombardino etal.. Arzneim. Forsch.. 25. 1975. 1629) Foot volume was measured by water displacemeni 
using a plethysmometer (Unicom Co., Yachiyo, Japan) before and 3 h after carrageenan injection. Test compounds 
^Tr^gee^^J^'*^' methylcellulose and dosed orally in a volume of 2.5 ml per 100 g body weight 1 h before 

Measurement of PGEo i n inflammatory site and stomach in rats 

c., K°r"^S^ °* ^^^2 synthesized in the inflammatory site was carried essentially according to a previously de- 
scr bed method (Opas eta .. Biochem. Pharmacol., 36. 1987, 547). Foot edema in male Sprague-Dawley rats (5 weeks 
old) was induced by subplanter injection of 0.1 ml of 1% wA, X-carrageenan suspension. Animals were sacrificed by 
cervical dislocation 3 h toltowing carrageenan Injection. The foot was amputated, frozen in liquid nitrogen and stored 
at -80 C until analysis. The stomach of these animals were excised, frozen in liquid nitrogen and stored at -80 'C until 
rwa^o w/nio h'T was crushed mixed with 7 ml of ethanol containing 10t.g/ml of indomethacin. pulvenzed in 
a War»ig blender and clanfied by centrifugation at 3.000 r.p.m. for 1 0 min at 4 -C. The frozen stomach was mixed with 
7 ml of ethanol containing 1 0 Mg/ml of indomethacin. homogenized by polytrone and clarified by centrifugation at 3 000 
'^nL Z ^' ? ^"^'^^^ ^ Sep-Pak(Trademark) CIS cartridge (from Vteters. Milford, USA) 

and dr ed in vacuum. Samples were diluted to a final volume of 0.5 ml with assay buffer (PBS containing 0 1% wAr 
n 'T' °* r'?^'..'^^ quantitated by RIA according to Amersham protocol. Test compounds were sus- 
^ J methylcellulose and dosed 1 h before carrageenan injection. Dexamethasone was dissolved in 
salme and administered subcutaneously 3 h before carrageenan injectk)n. 

Gastric ulceration in lats 

The gastric ulcerogenicity of test compound was assessed using previously described standard method (Ezer et 
tLt.TJr ^"^"^f"'- 655) Male Sprague-Dawley rats (5 weeks old), fasted overnight, were used in 

this assay. Cornpounds were suspended in 0.1% w/V methylcellulose and dosed orally in a volume of 1 0 ml per 100 
g body weight. Six hours after compound administration, the animals were sacrificed by cen/ical dislocation The stom- 

a^was removed andinflated with 10ml of 1%formalin solution. The stomach was opened bycuttingalong'^^^ 
cun/ature and the incidence of ulcer including ecchymosis was evaluated by all-or-none method. Rats refrain^ from 
water during eotpenrnents. The half-uteerogenic dose (UDgo) value, i.e.. dose required to induce at least one gastric 

iroTi TlSTsepUDir^" ^' °^ ^ '^"'"'^'^ ^"^^ = 

Data Analysis 

A statistical program package SYSTAT for Macintosh (SYSTAT. INC.) was used. Differences between compound 
reatedgroup and controlgroupweretestedfor using ANOVA. The ICsoorEDsova^ 
tor the log-linear regression line of concentration (dose) versus percent inhibition 

Most compounds prepared in the Working Examples as described herein after were tested by these methods and 
showed IC50 values of 0.01 jiM to 1 .0 nM with respect to inhibition of COX-2. 

COX-2 selectivity can be detemiined by ratio in temis of ICgo value of COX-1 inhibition to COX-2 inhibition In 
gen nal. it can be saki that a compound showing a COX-2/COX-1 inhibition rat» of more than 2 has good COX-2 
s lectivity. " 

compounds prepar d in Examples 1. 14. 17 and 21 as described betow showed COX-2/COX-1 inhibition (alio of 
mofG tnan 10. 
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Th following examples contain detailed descriptions of the methods of the preparation of compounds of formula 
0). These detailed descriptions fall within the scope, and serve to exemplify, the abov described Gen ral Synthetic 
Proc dur 8 Which form part of the invention. These detailed descriptions are presented for illustrative purposes only 
and are not intended as a restriction in th scope of the invention. All parts are by weight and temperatures are in 
Degrees centigrade unless othenwise not d. = r 

Examples and Preparations 

The present invention is illustrated by the following examples and preparations. However, it should be understood 
mat the invention is not limited to the specific details of these examples and preparatbns. Melting points were taken 
wrth a Buchi micro melting point apparatus and uncorrected. Infrared Ray absoiption spectra (IR) were measured by 
a Sh^mazu '"frared f Pectrometer (IR^70). i H and i3c nuclear magnetic resonance spectra (NMR) were measured In 
CDCIa by a JEOL NMR spectrometer (JNM-GX270. 270MHz) unless othen^ise indicated and peak positions are ex- 
pressed in parts per million (ppm) tfoii^nfeW tomtetiamethylsilane. The peak shapes are denoted as foltows- s sinqlef 
d, doublet; t. triplet; m, multiptet; br. broad. 

Example 1 

fE)-1 -Phe nvl-2-stvrvl-1 W-benzlmldazole 

<*l Jl^^'on « ^i""" 1. W-pherjyl-c^phenylenediamine (1.0 g. 5.4 mmol) in toluene (30 ml) was added cinnamoyl 
chloride (0^90 g. 5.4 mmol) in small portions and the mixture was heated under reflux overnight. The reaction mixture 
Mnn"^ ^"'^'^ saturated aqueous sodium bicarbonate solution (50 ml) and extracted wrth ethyl acetate 
(100 ml). The organic extract was washed consecutively with water (50 ml) and brine (50 ml), dried (sodium sulfate) 
and concentrated in vacuo. The residue was purified by column chromatography (silica gel. 150 g; /hhexane/ethvl 
acetate (4/1 )) to gh/e pink solids. Recrystallization from diisopropyl ether afforded 1 .35 g (84%) of the titled compourKi 
as white solids. This compound is used in a pharmaceutical composition. 

MW: 296.37 

mp: 133.8-134.5 "C 

Example 2 

fa-2-f4-Fluoro8tvivM-ph envl-1/«»enzlmMa«»i« 

T J^^ o i°":P°""^ P'^P^'^ W-phenyl-o-phenylenediamine and p-fluonxinnamoyl chloride (Gene J 
(ex^^^) ^^^^•^'^^^'^'^'"^^ 

MW: 314.37 

mp: 108.7-109.5 °C 

1H-NMR (CDCI3) 5: 7.93 (1 H. d. J = 16.1 Hz). 7.83 (1 H. d. J = 8.1 Hz), 7.68-7.56 (3 H. m), 7.49-7 40 (4 H m) 
7.33 (1 H. ddd. J = 7.7. 7.7. 1.8 Hz). 7.27-7.16 (2 H. m). 7.07-6.98 (2 H. m). 6.76 (1 H. d. J = 16.1 Hz? 

Example 3 

f 3-Fluorostvrvn-1-Dh envM W>enzimlda2ole hy drochloride 

(£)-2-(3-F(uorostyry -phenyl- IH-benzimidazole was prepared from /V-phenyl-c>phenyIenedjamlne and m-fluor- 
ocnnamoyl chlonde (Ger.g. J. T, McLeod. R. S. Can. J. Chem.^ 53, 1975, 513) according to the preparation of (E)- 
1-phenyl-2.styryM H-benzimldazole (example 1). The free base was d«^soA.ed Into methanol, treated with a 10%meth. 
anol so ution of /7>cr/pg0nchlorlde and concentrated to dryness. The residue was recrystailized from diisopropyl ether 
to give the titled compound as white needles. 

MW: 350.83 

mp: 236.0-243.0'*C 
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iH-NMR (DMSO^ie) 5: 8.27 (1 H. d. J = 16.8 Hz). 7.90 (1 H. d. J = 8.1 Hz). 7.82-7.70 (5 H. m). 7.63-7 44 (5 H 
m). 7.38-7.25 (2 H. m). 7.02 (1 H. d. J = 16.8 Hz) " ^ 

ExampI 4 

fa-2-r2-FluorostvrvlV1- ph nvMW-benzlmidazol hydrochloride 

T ^'ed compound was prepared from Mphenyl-c^phenylenediamine and o-fluorocinnamoyi chloride (Geriq J 
T; McLeod. R- S. Can. J. Chem.. 53. 1975. 51 3) according to =the preparation of (E).2-(3.fluorostyryl)-1 -phenyl lW 
benzimidazole hydrochloride (example 3). / y ; h y« « rr 

MW: 350.83 

mp; 225.0-228.(PC 

'^;Too foU^^'^ ^' ^ = ^ <^ H. d. J = 8.1 HZ). 7.82-7.69 (6 H. m). 7.63-7.46 (3 H. 

m). 7.39-7.25 (3 H. m). 7.00 (1 H. d. J = 16.5 Hz) ^ • /• K<> n. 

Example 5 

(a-2-(4-M ethvlthlostvrvl)-1-phenvHl^benzimidazole 

The titled compound was prepared from AAphenyl-ophenylenediamine and p-methylthiocinnamoyl chloride (Miller 
R. D.: Reiser. O. J. Heterocycl. Chem.. 30. 1993. 755) according to the preparation of (£)-1-phenyl-2-styry|.1H-benz^ 
imidazole (example 1). ^ / r- j jy 

MW: 342.47 

mp: 175.7-179.5*0 

Example 6 

(e)-2-f4-MethvlsulfinvlstYrvl>.l.phenvl.1 H-benzlmldfl^ole hydrochloride 

rr^^t^JnTTT^ ? (f )-2-(4-methylthiostyryl)-1-phenyl-1H.ben2imida2ole (0.31 g. 0.92 mmol) in a mixture of 
methanol (10 ml) and water (10 ml) cooled to 0 -C was added sodium periodate (0.21 g. 1 .0 mmol). The ice bath was 
removed and the reaction mixture was stirred at room temperature overnight. The reaction mixture was poured Into 
saturated aqueous sodium bicarbonate solution (50 ml) and extracted with ethyl acetate (100 ml). The organic extract 
was washed consecut«/ely with water (50 ml) and brine (50 ml), dried (sodium sulfate) and concentrated in vacuo The 
resjual solids were purified by column chromatography (silica gel. 100 g; ethyl acetate) to give brown solids' The 

S!?1T1[^ T , ^ °' ^y'^^^S^" <5 volatiles were removed in vacuo 

Recrystaliization of the residue from ethanol afforded 0. 18 g (50%) of the titled compound as yellow solids. 

MW: 394.93 

mp: 1 92.9-1 93.8"C 

1H-NMR (CDCIg) 5: 7.98 (1 H. d, J = 16. 1 Hz). 7.84 (1 H. d. J = 8.1 Hz). 7.69-7.56 (7 H m) 7 48-7 42 (2 H ml 
7.38-7.17 (3 H. m). 6.93 (1 H. d. J = 16.1 Hz). 2.71 (3 H. s) ' ' ^' 

Example 7 

(E)-2-f4-Methvlsulfonvlstvf vH.l.phenvl.1 /»bengimiria»»i«. 

methanol (5 ml), tetrahydrofuran (5 ml) and water (5 ml) was slowly added OXOWEfTrademark) (1.63 g 2 65 mmol) 
and the reaction mixture was stirred at room temperature overnight. The reaction mixture was poured into saturated 
aqueous sodium bicarbonate solution (30 ml) and the aqueous mixture was xtract d with ethyl acetate (100 ml) The 
organ«:ejrtract was washed consecutive^ with water (50ml) and brine(50 ml). 

n vacua The resdualsoLds were purified by column chromatography (silica gel. 100 g; n-hexane/elhyl acetate (1/1)) 
to gw brown solids. Recrystaliization from thyl ac tat affoided 0.24 g (36%) ol the titled compound as light yellow 
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solids. 



MW: 374.47 

mp: 168.6-1 69.5''C 

s iH-NMR (CDCI3) 6: 8.03 (1 H, d. J = 15.8 Hz). 7.93-7.82 (3 H. m). 7.68-7.59 (5 H. m). 7.49-7.44 (2 H. m). 7.40-7 19 

(3 H, m). 6.97 (1 H. d. J = 15.8 Hz). 3.05 (3 H, s) 

Example 8 

^0 (a-2-(b-IViethvtstvrvlV1-phenvl-1 W-benzimidazole hvdrochioride 

To a stirred solution of W-phenyl-o-phenylenediamine in toluene (50 ml) was added a solution of 2-methyl-3-phe- 
nylacroytoyl chtorlde (1 ,81 g. 10 mmol, Watanabe, T; Hayashi. K.; Yoshimatsu, S.; Sakai, K. J. Med. Chem., 23, 1980. 
50) in toluene (20 ml) at room temperature over 15 min. The resulting mbcture was stirred at room temperature for 10 

IS min and then heated to reflux removing water azeotropically using a Dean-Stark apparatus for 12 h. After cooling, 
volatiles were evaporated off and the residue was dissolved into xylenes (75 ml). To the solution was added p-tolue- 
nesulfonic acid monohydrate (0.40 g, 2.1 nrvnol) and the mixture was heated to reflux removing water azeotopically 
After 9 h, the reaction mixture was concentrated to dryness and the residue was dissolved into a mixture of ethyl acetate 
(100 ml) and saturated aqueous sodium bicarbonate solution (100 ml). The organic layer was separated and washed 

20 with brine (1 00 ml), dried (magnesium sulfate) and concentrated to dryness. The residue was dissolved into hot toluene 
and the solution was treated with active carbon. After filtration, the filtrate was concentrated to dryness. The residue 
was triturated with n-hexane to give 1 .61 g (52%) of (£)-2-(p-methylstyryl)-1 -phenyl-1 H-benzimidazole as pink solids. 
The free base was dissolved into methanol (1 5 ml), treated with a 1 0% methanol solution of hydrogen chloride (1 5 ml) 
and concentrated to dryness. Recrystalllzation from 2-propanol afforded 1.52 g of the titled compound as off-white 

25 solids. 

MW: 346.86 

mp: 222.0-225.0''C 

1H NMR ((DMSO-dg) 5: 7.98-7.93 (1 H. m), 7.79-7.51 (7 H. m). 7.48-7.29 (6 H, m). 7.18 (1 H. br. s). 2.13 (3H. d. 
30 J = 1.5 Hz) 

Example 9 

fa-6-Chloro-1-phenvl-2-stvrvl-1W-benzimidazole 

35 

The titled compound was prepared from 4-chloro-2-anllinoanlline (Ernst, O. Chem. Ber, 23. 1890, 3423) and cln- 
namoyl chloride according to the preparation of (E)-1-phenyl-2-styryl-1 Afbenzlmldazole (example 1). 

MW: 330.82 
40 mp: 163.1-164.2*0 

1H-NMR (CDCI3) 6: 7.95 (1 H. d. J = 16.1 Hz). 7.73 (1 H. d. J = 8.8 Hz). 7.67-7.58 (3 H. m), 7.49-7.41 (4 H. m). 
7.38-7.25 (4 H, m). 7.17 (1 H. d, J = 1.8 Hz), 6.81 (1 H. d. J = 16.1 Hz) 

Example 10 

45 

f a-5-Chloro-1 -phenvl-2-stvrvM benzimidazole 

The titled compound was prepared from 5-chloro-2-anllinoaniline (Ullmann, F. Justus Liebigs Ann. Chem., 332. 
1 904, 82) and cinnamoyi chloride according to the preparation of (E)-1 -phenyl-2-styryl-1 Afbenzimidazole (example 1 ). 

so 

MW: 330.82 

mp: 1 69.5-1 70.5'^C 

^H-NMR (CDCI3) 5: 7.96 (1 H, d. J = 16.1 Hz). 7.80 (1 H. d. J = 1.8 Hz). 7.68-7.57 (3 H. m), 7.49-7.40 (4 H. m). 
7.38-7.29 (3 H, m), 7.19 (1 H. dd. J = 8.8. 1.8 Hz). 7.09 (1 H. d. J = 8.8 Hz). 6.81 (1 H. d. J = 16.1 Hz) 
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ExampI 11 

(£>-W4-Fluorophenvl >-2-stvrvM /^benzimidazol hydrochloride 

The titled compound was prepared from (Elguero. J ; Estopa C llavskv 
D. J. Chem. Res. Miniprlnt. 12. 1981. 4237) and clnnamoyl chloride according to the preparation of (a.2.(B.methvll^ 
styryl)-l -phenyM H-benzimidazole hydrochloride (example 8). 

MW: 350.83 

mp: 257.5-259.0''C 

1H-NMR (DMSOkJs) 6: 8.16 (1 H. d. J = 16.1 Hz). 7.90-7.75 (3 H. m). 7.69-7.42 (9 H. m). 7.33 (1 H. d. J = 7.7 Hz). 
6.93 (1 H. d, J = 16. 1 Hz) ' 

Example 12 

(£)-1-(4-Fluorophenvh- 2-(4-methvlthlostvrvh-1H-ben2imida2ele 

The titled compound was prepared from A/-4-fluorophenyl-<>phenylenediamine and A>methylthiocinnamoyl chlo- 
ride according to the preparation of (£)-1-phenyl-2-styryl-lH-benzimldazole (example 1). 

MW: 360.46 

mp: 1 87.7-1 88.5*C 

M^T"«?.^u ^ ^' * ^ = ' ^-^^ * ^ = 01 H. m). 6.73 (1 H. d. J = 1 6 1 

HZ), ^.48 (3 H, S) 

Example 13 

(e)-2-f4-Fiuoro8tvrvlM •fO- methvlthloohanvIM MbenzlmMagate 

1. AM-Methylthtoph«nyl-o-phenvlenedlamlne 

To a mature of 2-nitrochlorobenzene (10.0 g. 63.5 mmol) and 4-methylthioaniline (8.84 g. 63.5 mmol) was added 
potassium fluoride (3.70 g, 63.7 mmol) and the reaction mixture was heated for 30 h at 170 'C with vigorous stirrinq 
The mixture was cooled and directly flash-chromatographed on silica gel (100 g) eluting with n-hexane/ethyl acetate 
(20/1) to give 12 5 g of a brown oil. The oil was dissolved in ethanol (250 ml). 5% paltedium on carbon (1 5 g) added 
and the mixture hydrogenolyzed under medium hydrogen pressure (2.5 kgf/cm2) for 2 h. Catalyst was renraved by 
filtration through a celite pad and the filtrate was concentrated in vacuo. The residue was purified by column chroma- 
tography (silica gel 500 g; /vhexane/ethyl acetate (4/1)) to give 0.51 g (4%) of W-4-methylthiophenyl-o-phenylenedi- 
amine as black solids. / r / 

1H-NMR (CDCI3) 8: 7.22 (2 H. d. J = 8.4 Hz). 7.10 (1 H. dd. J = 7.7. 1 .5 Hz). 7.02 (1 H, ddd. J = 7 7 7 7 1 5 HzJ 6 80 
br. si.?43 (3 K sl ' ' ' - ' ' ' ^ ' - (2 H. br s, 3 76 (m 

2. (O-a-f 4.FluorostvrvlV1 .r ^-methvlthloBhenvR-l W-ben2lmldi.«»ie 

The titled compound was prepared from W-4-methylthbphenyl-oi)henylenediamine and p-fluoroclnnamoyi chlo- 
ride according to the preparation of (e)-1 -phenyl-2-styryl-1 H^benzimidazole (exarrple 1 ). 

MW: 360.46 

mp: 106.9-1 07.9''C 

^l^c oi?o°5''' ^-^^ <^ ^ ^ ^2 (1 H. d. J = 7.7 Hz). 7.49-7.41 (4 H. m). 7.38-7.14 (5 H m) 

7.08-6.98 (2 H.m). 6.74 (IH.d, J = 16.1 Hz). 2.60 (3 H.S) P m,. 

Example 14 

(a-S'Nltro-l -phenvl-2-stvrvl-IW) nzimldaz te 

The titled compound was pr pared from 5-nitro-2-anilinoaniline (Brand. K.; Wild. E. Chem. B r., 56. 1923. 105) 
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and cinnamoyi chloride according to th preparation of {£)-1 -phenyl-2-styryl-1 H^benzimidazole(exampl 1 ). 

MW: 341.37 

mp: 173.8-1 74.7'»C 

iH-NMR (CDCI3) 5: 8.72 (1 H. d. J = 2.2 Hz). 8.16 (1 H, dd. J = 8.8. 2.2 Hz). 8.04 (1 H. d. J = 16.1 Hz). 7 72-7 62 
(3 H. m). 7.52-7.42 (4 H, m). 7.38-7.31 (3 H, m). 7.22 (1 H. d. J = 8.8 Hz). 6.81 (1 H. d. J = 16.1 Hz) 

Example 1S 

(a-S-Amino-l ■Dhenvl-2-stvrvi-1 Afbenzimidarole dihvdrochioride 

Iron powder (0.1 7 g. 3. 1 mmol) and ammonium chloride (1 8 mg, 0.33 mmol) was added to a solution of (e)-5-nitro- 
1-phenyl-2-styryl-1H-benzimidazole (0.21 g, 0.62 mmol) In ethanol (4 ml) and water (2 ml). The reaction mixture was 
refluxed for 30 min, the hot reaction mixture filtered through a celite pad and the filtrate was evaporated under reduced 
pressure. The residue obtained was partitioned between ethyl acetate (50 ml) and saturated aqueous sodium bicar- 
bonate solution (50 ml) and the organic phase was separated. The aqueous phase was extracted with ethyl acetate 
(50 ml). The combined organic extracts were washed with brine (50 ml), dried (sodium sulfate) and concentrated In 
vacuo to afford 0.20 g of yellow solids. The solids were treated with a 10% methanol solution of hydrogen chloride (5 
ml) and volatiles were removed. Recrystallization of the residue from ethanol afforded 0.14 g (59%) of the titled com- 
pound as yellow solids. 

MW: 384.31 

mp: 200.0-203.0*C 

1H-NMR(CDCI3)5: 7.90(1 H.d. J=16.1 Hz). 7.67-7.24 (10 H. m). 7.11 (1 H, d. J = 1.8 Hz). 6 99 (1 H d J = 84 
Hz). 6,81 (1 H, d. J = 16.1 Hz), 6.66 (1 H. dd. J = 8.4. 1 .8 Hz). 3.71 (2 H, br. s) 

Example 16 

( a-5-Bromo-1 -phen vl-2-stvrvl-1 W-benzlmidazole 

To a stirred solution of (£)-5-amlno-1-phenyl-2-styryl-1H-benzlmidazole (0.31 g. 1.0 mmol) in 47% hydrobromic 
acid (5 ml) and water (2 ml) was added an aqueous (1 ml) solution of sodium nitrite (84 mg. 1.2 mmol) at -5 °C and 
the reaction mixture was stirred for 10 min at the same temperature. The resultant diazonium salt was added to a 
solution of copper(l) bromide (0.30 g. 2.0 mmol) in 47% hydrobromic acid (5 ml) cooled to -5 '^C and the reaction 
mixture was stirred for 30 min at 0 and for 30 min at room temperature. W,/V,A/', A/'-Tetramethylethylenediamlne (5ml) 
and a 4 A/ aqueous solution of potassium hydroxide (30 ml) were added consecutively to the reaction mixture. The 
mixture was extracted with ethyl acetate (100 ml) and the ethyl acetate extract was washed consecutively with water 
(50 ml) and brine (50 ml), dried (sodium sulfate) and concentrated in vacuo. The reside was purified by column chro- 
matography (silica gel, 50 g; /hhexane/ethyl acetate (4/1 )) to give white solids. Recrystallization from diisopropyl ether 
gave 61 mg (16%) of the titled compound as white solids. 

MW: 375.27 

mp: 1 64.3-1 65.5'»C 

iH-NMR (CDCI3) 6: 7.95 (1 H. d. J = 16.1 Hz). 7.95 (1 H. d. J = 1.8 Hz). 7.67-7.56 (3 H. m). 7.49-7.39 (4 H m) 
738-7.28 (4H. m). 7.04 (1 H. d. J = 8.8 Hz), 6.81 (1 H. d, J=16.1 Hz) 

Example 17 

r£^5-Cvano-1-phenvl-2-stvrvl-1W-ben2lmida2ole 

A mixture of {£)-5-bromo-1-phenyl-2-styfyl-1H-benzimidazole (1.64 g. 4.1 mnxjl) and copper(l) cyanide (0.82 g. 
8.2 mmol) in 1 -methyl-2-pyrroridone (10 ml) was refluxed for 2 h. Then. A/,A/,A/',/V'-tetramethylethylenediamlne (50 ml) 
was added and the mixture partitioned between ethyl acetate (200 ml) and saturated aqueous sodium bicarbonate 
solution (200 ml). The organic phase was separated and the aqueous phase was extracted with ethyl acetate (200 
ml). The combined organic phas was washed with brine (300 ml), dried (sodium sulfate) and concentrated. The r sidue 
was purified by column chromatography (silica gel, 150 g; n-hexan lethyl acetate (3/1)) and obtained solids (1.05 g. 
80%) recrystallized from ethyl acetate/diisopropyl ether to afford the titled compound as off white solids. 
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MW. 321.38 

mp: 191.3-192.4»C 

1H-NMR (CDCI3) 6: 8.12 (1 H. d. J = 1.8 Hz). 8.01 (1 H. d. J = 16.1 Hz). 7.71-7.61 (3 H. m). 7 50-7 42 {5 H 
7.38-7.11 (3 H. m). 7.23 (1 H. d. J = 8.4 Hz), 6.80 (1 H. d. J = 16.1 Hz) 

Example 18 



(E)-1-Phenvl-2-stvrvl-1H-benzlmlda2ole-S-earboxamlds 

To a solution of (£)-5-cyano-1-phenyl-2-styryl-1H.benzlmidazole (0.30 g. 0.93 mmol) in 2-(nethyl-2-propanol (10 
ml) was added powdered potassium hydroxide (0.19 g. 2.8 mmol). After stirring 2 h at 80 "C. volaliles were removed 
in vacuo and the residue was partitioned between ethyl acetate (50 ml) and water (50 ml). The organic phase was 
separated and the aqueous phase was extracted with ethyl acetate (50 ml). The combined extracts were washed 
consecutively with water (50 ml) and brine (50 ml), dried (sodium sulfate) and concentrated In vacuo. The residue was 
recryslallized from ethyl acetate to afford 0.16 g (52%) of the titled compound as white solids. 

MW: 339.40 
mp: >220»C 

iH-NMR (CDCI3) 6: 8.24 (1 H. d. J = 1.8 Hz). 7.98 (1 H. d. J = 16.1 Hz). 7.81 (1 H. dd. J = 8.4. 1 8 Hz) 7 69-7 58 
(3 H.m). 7.51 -7,41 (4 H. m), 7.39-7.29 (3 H. m). 7.23 (1 H.d. J = 8.4 Hz). 6.83(1 H.d. J = 16.1 Hz), 6.01 (2H.br.s) 

Example 19 



(E)-1-Phen vl-2-f2-f3-pvrldvl)vlnvlM W-benzlmidazole dihvdrochloride 

The titled compound was prepared from W-phenyl-o-phenylenediamine and 3-(3-pyridyl)acryloyl chloride according 
to the preparation of (E)-2-(3-fluorostyfyl)-l -phenyl-1 H-benzimidazole hydrochloride (example 3). 

3-(3-Pyridyl)acryloyl chloride was obtained as follows. A mixture of 3-(3-pyridyl)acrylic acid and thionyl chloride 
was heated to reflux under a dry atmosphere for 140 min. Vblatiles were removed by evaporation under reduced 
pressure and obtained 3-(3-pyridyl)acryloyl chloride was used without purification. 

MW: 370.28 

mp: 270.0-273.0''C 

1H-NMR (DMSOde) 5: 9.10 (1 H. d. J = 1.5 Hz). 7.78 (1 H. dd. J =6.1, 1.5 Hz), 8.61-8.45 (1 H. m) 8 24 (IN br. 
d. J = 16.1 Hz), 7.90-7.77 (7H, m), 7.52 (1 H, ddd, J = 8.4, 7.7, 1.5 Hz), 7.44 (1 H. ddd, J = 8 4 7 7 1 5 Hz) 7 32 
(1 H. dd, J = 7.7. 1 .5 Hz), 7.26 (1 H, d, J = 16.1 1 Hz) . ■ nz). f .j^ 



Example 20 



f a-2-f2-Cv clohexvlvinvl)-1 -phen vl-1 /fbenzimidazole 

The titled compound was prepared from /V-phenyl-o-phenylenediamine and 3-cyclohexylacryloyl chloride (Amino 
Y.; Kawada. K.; Toi. K.; Kumashiro, I.; Fukushima. K. Chem. Pharm. Bull., 11 , 1988, 4426) according to the preparation 
of (£)-l -phenyl-2-8tyryl-1 W-benzimidazole (example 1 ). 

MW: 302.42 

mp: 100.0-1 01 .0»C 

'H-NMR (CDCI3) 5: 7.78 (1 H. br. d. J = 8.1 Hz). 7.64-7.48 (3 H. m), 7.42-7.36 (2 H, m), 7.31-7 1 3 (3H m) 7 07 
(1 H, dd, J= 15.8, 7.3Hz), 6.16 (1 H. dd, J= 15.8.0.5 Hz), 2.20-2.06 (1 H, m), 1.80-1.49 (5 H, m), 1.33-1.08 (5H, m) 

Example 21 



(a-2-(2-Cvcl opentvlvlnvlV1 -phenvl-l /^benzlmldazole hydrochloride 

To a stirred solution of (£)-3K:yclopentylacfylic acid (0.40 g, 2.85 mmol. Roth. R.; ErIenmeyer. H. Helv. Chim Acta 
38. 1 955. 1276) in dichlorom thane (20 ml) at 0 "C under a nitrogen atmospher was added oxalyl chloride (1 46 g 
11.5 mmol). The mixture was stirr d at 0 °C lor 40 min and then at room temperatur (or 100 min Evaporation of 
volatiles under reduced pressure gav 3^:yclopentylaciyloyl chloride as a colorless liquid, which was used wHhout 
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purification. 

To a stirred solution of /V-phenyl-o-phenylenediamine (0.38 g. 3.0 mmol) in xylenes (35 ml) v/as add d a solution 
of 3-cyclopentylacryloyl chloride (2.85 mmol) In xylenes (20 ml) during 10 min in a dropwis manner. The resulting 
mixture was stirred at room temperature for 80 mIn and then at reflux to remove water using a Dean-Stark apparatus 
for about 1 3 h. To the mixture was added p-toluenesulfonic acid monohydrate (0.10 g) and th reaction was continued 
for 10 h. After cooling, volatil s were removed by evaporation and th residue was dissolved Into a mbrture of ethyl 
acetate (100 ml) and saturated aqueous sodium bicarbonate solution (100 ml). The organic layer was dried (magnesium 
sulfate) and concentrated to dryness. Silica-gel column chromatography (silica gel. 100 g; n^iexane/ethyl acetate (4/1 
to 7/3)) afforded 0.15 g (18%) of (E)-2-(2-cyclopentylvinyl)-1-phenyl-1H-ben2imlda2ole as an amber oil. The oil was 
dissolved into ethyl ether and hydrogen chloride gas was passed through the stirred solution. Volatiles were removed 
by evaporation and the residue was triturated with diisopropyl ether. Precipitates were collected by suction, washed 
with diisopropyl ether and dried under vacuum to give the titled compound as white solids. 

MW: 324.86 

mp: 1 36.0-1 S/.O-C (decomposition) 

iH-NMR (DMSO-de) 6: 7.86-7.60 (6 H. m). 7.57-7.38 (2 H, m), 7.32-7.11 (2 H. m). 6.23 (1H. d. J = 15 8 Hz) 
2.78-2.66 (1H. m). 1.82-1.75 (2 H, m). 1.73-1.50 (4 H. m). 1.45-1.29 (2 H. m) 

Example 22 

2-PhenvlethvnvM-phenvt-1/^benzlmfdazole 

The titled compound was prepared from A/-phenyl-o-phenylenedlamlne and phenylpropynoyi chloride (Bergmann, 
R; Haskelberg, L. J. Am. Chem. Soc., 63. 1941. 2243) according to the preparation of (e)-1-phenyl-2-styryl-1H-benz- 
imidazole (example 1). 

MW: 294.36 

mp: 118.0-119.0^0 

iH-NMR (CDCI3) 5: 7.87-7.82 (1 H, m). 7.64-7.49 (5 H. m). 7.43-7.27 (8 H. m) 
Example 23 

(a-1 -Phenvl-2-stvrvl-1 /rtenzlmldazote 

To a solutbn of 2-phenylethynyl-1-phenyl-1H.benzimidazole (0.98 g. 3.0 mmol) In toluene (30 ml) were added 
quinollne (10 drops) and palladium on calcium carbonate (0.20 g) and the reaction mixture was vigorously stirred for 
1 h under a hydrogen atmosphere. Catalyst was removed by filteration and the filtrate was concentrated in vacuo. 
Purification by column chromatography (sllfca gel. 250 g; r^hexanelethyl acetate (5/1 )) gave 0.53 g (54%) of the titled 
compound (Rf=0.2) as a colorless oil. 

MW: 296.37 
mp: OIL 

1H-NMR (CDCI3) 5: 7.83 (1 H. dd. J = 8.4. 1.8 Hz). 7.48-7.38 (5 H. m). 7.34-7.16 (8 H. m). 6 78 (1 H d J = 12 8 
Hz). 6.39 (1 H.d, J = 12.8 Hz) 

Example 24 

(£)-1-Phenvl-2-f2-(2-pvrldvnvinvlMH-benzlmidazole 

1 . W2-Anillnophenvn-3-(2-pvrldvnacrvlamlde 

To a stirred solution of (£)-3^(2-pyridyl)acrync acid (0.44 g. 3.0 mmol. RIed. W; Keller. H. Chem, Ber. 89. 1955. 
2578). /V-phenyl-o-phenylenedlamine (0.61 g, 3.3 mmol) and 1-(3-dimethylamlnopropyl)-3-ethylcarbodiirnide hydro^ 
chloride (0.69 g. 3.6 mmol) in dimethylformamide (5 ml) at -20 •C under a nitrogen atmosphere was added tri thylamine 
(0.7 ml). Th resulting mixture was stirr d at -1 8 to -8 ''C for 40 min and then at room temperature for 8 h. The mixture 
was diluted with water (50 ml) and extracted with ethyl acetate (50 ml). Th organic xtract was washed consecutively 
with water (50 ml) and brine (50 ml), dried (magnesium sulfate) and concentrated to dryness. Column chromatography 
(silica gel. 85 g; xane/ thyl acetat (1/1 )) afforded 0.40 g (42%) of W-(2-anilinophenyl)-3.(2-pyridyl)acfylamide as 
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an orange liquid. 

^H-NMR (CDCI3) 5:8.63-8.59 (1 H, m), 8.24-8.16 (1 H, m). 8.03 (1 H, br s). 7.75-7.68 (1 H, m). 7.69 (1 H. d, J = 15.0 
Hz). 7,40-7.36 (1 H. m). 7.30-7.12 (6 H, m). 7.08 (1 H. d. J = 15.0 Hz), 6.91 ^.85 (1 H. m). 6.82-6.75 (2 H. m), 5.55 (1 

H. br. s). 

2. (a-1-Ph nvl-2-f2-(2-pvridvnvinvn-1H-benzimida2ol 

A stirred mixture of M(2-anlllnophenyl)-3-(2-pyridyI)acrylamide. p-toluenesulfonic acid nnonohydrate (0.48 g. 2.5 
mnriol) and xylenes (80 ml) was heated to reflux to remove water using a Dean-Stark apparatus for 4 h. After cooling, 
the mixture was concentrated to dryness and the residue shaken with ethyl acetate (100 ml) and saturated aqueous 
sodium bicarbonate solutton (50 ml). The aqueous layer was separated and extracted with ethyl acetate (2 X 100 ml). 
The combined organic layers were dried (magnesium sulfate) and concentrated to dryness. The crude product was 
purified by column chromatography (silica gel, 85 g; n-hexane/ethyl acetate (1/2)) to afford 0.29 g of product as reddish 
solids. Recrystalllzation from diisopropyl ether/ethyl acetate (5/1 ) afforded 0. 1 7 g (45%) of the titled compound as white 
solids. 

MW: 297.36 

mp: 1 44.0-1 45.0»C 

^H-NMR (CDCI3) d: 8.58-8.53 (1 H. m), 7.99 (1 H, d, J = 15.6 Hz). 7.88-7.83 (1 H. m). 7,71-7.57 (4H. m), 7.52 (1 
H. d. J = 15.6 Hz), 7.49-7.44 (2 H. m). 7.38-7.14 (5 H, m) 

Example 25 

(£)-1-Phenvl-2-f2-(4-pvrldvl)vlnvn-1/fbenzlmida2ole 

The titled compound was prepared from /V-phenyl-o-phenylenediamine and (£)-3-(4-pyridyl)acrylic acid according 
to the preparation of (E)-1-phenyl-2-[2-(2-pyridyl)vinyl]-1H-benzimidazole (example 24). 

MW:297.36 

mp: 116.0-117.5 "C 

1H-NMR (CDCI3) 5; 8.60-8.56 (2 H, m), 7.88-7.83 (1 H, m). 7.87 (1 H, d. J=rl6.1 Hz), 7.70-7.56 (3H, m). 7.48-7.42 
(2 H. m), 7.39-7.32 (1 H. m), 7.31-7.19 (4 H, m). 7.04 (1 H, d, J = 16.1 Hz) 

Example 26 

( e-2-r2-{2-Oxa2oh^nvlnvn-1 -phenvl-1 W-benzlmldazole 

I. Ethyl fE>-2-(1-phenvMtf-benzlmidazol-2-vnpropenoate 

Ethyl (£)-2-(1-phenyl-lH-benzimidazol-2-yl)propenoate was prepared from A/-phenyl-o-phenylenediamine and 
ethyl 3-chlorocarbonylacrylate (Home, S.; Taylor, N.; Collins, S.; Rodrigo, R. J. Chem. Soc. Perkin Trans. 1. 12, 1991, 
3047) according to the preparation of (£)-l-phenyl-2-styryl-l«-benzimldazole (example 1). 

iH-NMR (CDCI3) 6: 7.S8-7.83 (1 H. m), 7.66-7.55 (3 H. m). 7.42 (1 H, d, J = 15.4 Hz). 7.41-7.19 (5 H, m). 7.15 (1 H. 
d. J = 15.4 Hz), 4.23 (2 H. q, J = 7.0 Hz). 1 .30 (3 H. t, J = 7.0 Hz). 

2. (a-2-(1-PhenvM/f-benzimldazol-2-vnpropenoic acid 

To a solution of ethyl (E)-2-(1 -phenyl-1 H-benzimidazol-2-yl)propenoate (3.74 g, 12.8 mmol) in a mixture of meth- 
anol (18 ml) and tetrahydrofuran (18 ml) was added a 4 N aqueous solution of lithium hydroxide (6 ml. 24 mmol) and 
the reaction mixture was stirred for 3 h at room temperature. To the reaction mixture was added 4 A/ hydrochloric acid 
(6ml, 24mmol) at 0 'C. The precipitated solids were collected by the filtration and dried under reduced pressure to 
afford 2.70 g (80%) of (£)-2-(1 -Phenyl-1 H-benzimidazol-2-yl)propenoic acid as white solids. 

^H-NMR (DMSOdg) 5: 7.89 (1 H. d. J = 7.3 Hz). 7.84-7.62 (5 H. m). 7.48-7.26 (4 H, m), 6.97 (1 H, d. J = 15.4 Hz). 
3. 3-(1 -Phenyl-1 H*enzimidazol-2-yl)acrylamide 

To a stirred solution of 3-(1 -phenyl-1 W-benzimidazol-2-yl)acrylic acid (1 .06 g. 4 mnnol) In dichloromethane (80 ml) 
at 0 ^'C under a nitrogen atnnosphere was added oxalyl chbride (3.05 g, 24 mmol) and the resulting suspension was 



20 



EP0846 689 A1 



stirred at 0 for 20 min and then at room temperature for 2.5 h. Volatiles were removed by evaporation and the 
residu was added in portions to a stirred 25% aqueous solution of amnionia (40 ml). After 130 min, solids were 
collected by suction, washed with water and dried under vacuum at 50 'C to giv 1 .04 g (98%) of the titled compound 
as off-white solids. 

^H-NMR (CDCI3) 5: 7.86-7.91 (1 H. m). 7.66-7.55 (3 H. m). 7.45 (1 H. d. J = 15.0 Hz). 7.43-7.19 (6 H. m). 5.65 (1 H 
br. s). 5.55 (1 H, br. s). 

4. (a-2-r2-(2-Oxa2olvlWinvlM-phenvl-1 H-benzimidazole 

A mixture of 3-(1-phenyl-1H-ben2imidazol-2-yl)acrylamide (0.62 9, 2.35 mmol), vinylene carbonate (0.26 g, 3.0 
mmol) and polyphosphoric acid (6.2 g) was stirred at 170 'C. Atter 2 h. ice was added and the mixture was basified 
with a 10% aqueous solution of potassium hydroxide (100 ml) and extracted with dichloromethane/isopropyl alcohol 
(9/1 , 150 ml + 50 ml). The combined organic layers were washed consecutively with water (2 X 100 ml) and brine (100 
ml), dried (magnesium sulfate) and concentrated to dryness. Purification by column chromatography (silica gel 100 g. 
ethyl acetate) afforded 66 mg of product as pale green solids which were recrystallized from diisopropyl ether to afford 
36 mg (5%) of the titled compound as tan solids. 

MW: 287.32 

mp: 1 55.5-1 56.0»C 

1 H-NMR (CDCIa) 5: 7.89-7.84 (1 H. m). 7.73 (1 H. d. J - 1 6.1 Hz). 7.68-7.54 (4 H. m). 7.47-7.42 (2 H, m). 7 39-7 32 
(1 H, m). 7.31-7.25 (1 H. m). 7.27 (1 H, d. J = 16.1 Hz). 7.23-7.18 (2 H. m) 

The chemical structures of the compounds prepared in the Examples 1 to 26 are summarized in the following tables. 
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TABLE 




Ex. if 


Ar 


Y 


X' 


X- 


X' 


r 


phenyl 


(E) CH=CH 








2 


phenyl 


(E) CH=CH 






4-F 


3 


phenyl 


(E) CH=CH 






3-F 


4 


phenyl 


(E) CH=CH 






2-F 


5 


phenyl 


(E) CH=CH 






4-MeS 


6 


phenyl 


(E) CH=CH 






4-MeS(0) 


7 


phenyl 


(E) CH=CH 






4-MeSrO)-» 


8 


phenyl 


(E) C(CH3)=CH 








9 


phenyl 


(E) CH=CH 


6-Cl 






10 


phenyl 


(E) CH=CH 


5-Cl 




- 


11 


phenyl 


(E) CH=CH 




4-F 




12 


phenyl 


(E) CH=CH 




4-F 


4-MeS 


13 


phenyl 


(E) CH=CH 




4-MeS 


4-F 


14 


phenyl 


(E) CH=CH 


5-NO, 






15 


phenyl 


(E) CH=CH 


5-NH^ 






16 


phenyl 


(E) CH=CH 


5-Br 






17 


phenyl 


(E) CH=CH 


5-CN 






18 


phenyl 


(E) CH=CH 


5-CONH, 






19 


3-pyridyI 


(E) CH=CH 








20 


cyclohexyl 


(E) CH=CH 








21 


cyclopentyl 


(E) CH=CH 








22 


phenyl 










23 


phenyl 


(Z) CH=CH 








24 


2-pyridyl 


(E) CH=CH 








25 


4-pyridyI 


(E) CH=CH 
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oxazolyl 


(E) CH=CH 









To be used in a pharmaceutical composition 



Claims 

1 . A compound of the following formula: 
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and the pharmaceutically acceptable salts thereof wherein 

Ar Is phenyl, 03.3 cycloalkyi, C^^ cycbalkenyl or heteroaryl which Is connected to Y through a carbon atom, 
the heteroaryl being selected from pyrldyl, pyridazinyl, pyrimidinyl, pyrazinyl. pyrrolyl, furyl, thienyl, oxazolyl. 
thiazolyl. isooxazolyl. isothiazolyl, Imldazolyl, pyrazolyl, oxadiazolyl, triazolyl and tetrazolyl; 

is H. halo. C^^ alkyi, hydroxy, C,^ alkoxy, halo-substituted C^^ alkyi, hydroxy-substituted C^^ alkyi, (C^^) 
alkoxy(Ci^)alkyl, amino, C^^ alkylamino. di(Ci^)alkylamino, amino C,^ alkyi. (C-,^)alkylamino(c^^)atkyl, dl 
(Ci^)aIkylamino(Ci^)alkyl, C^^alkanoylamlno. di(Ci^)alkanoylamino, (Ci^)alkyl(Ci^) alkanoyl)amino, C^^ 
alkylsulfonylamino, Ci^alkanoyl, carboxyl, (Ci^)alkoxycarbonyl, aminocarbonyl, {C^^) alkylaminocarbonyl. 
di(Ci^) alkylaminocarbonyl, cyano. nitro, mercapto. C^^ alkylthio, C^^ alkylsulfinyl. C^^ alkylsulfonyl. ami- 
nosulfonyl, O^ui atkylaminosulfonyl or di(C^^) alkylamlnosulfonyl; 

X2 and are independently C^^ alkyi, halo, halo-substituted C^^ alkyi, hydroxy, C^^ alkoxy. mercapto, C^^ 
alkylthio, C^^ alkylsulfinyl, C^^ alkylsulfonyl. C^^ alkanoyi, carboxyl, (Ci^)alkoxycarbonyl, aminocarbonyl, 
alkylaminocarbonyl, di(Ci^)alkylaminocarbonyl, cyano. nitro, amino. C^^ alkylamino. dl(Ci^)alkylamino 
or C^^ alkylsulfonylamino; 

Y is -CR1=CR2 or -C =C-, wherein and are independently H, methyl, ethyl or halo; 

1 is 0, 1 , 2, 3 or 4; and 

m and n are independently 0, 1 , 2 or 3, 

with the proviso that when Ar Is phenyl; and 1 , m and n are 0. Y Is not CH=CH-; and when Ar is phenyl; 1 and 
m are 0; n is 1; and Y is -CH=:CH-, is not C^^ alkoxy attached to the 2- positran of Ar, nor amino, C^^ 
alkylamino or dl(Ci^)alkylamino attached at the 4-positlon of Ar. 

A compound according to claim 1, wherein Ar is phenyl, cycloalkyi, C4.8 cycloalkenyl or heteroaryl selected 
from pyridyl, pyrrolyl and oxazolyl; X^ and X^ are independently ^ alkyl, halo, halo-substituted ^ alkyi, hydroxy, 
C,^ alkoxy, C^^ alkylthio, C^^ alkylsulfinyl or C^^ alkylsulfonyl; X"* is H, halo, C^^ alkyl. hydroxy. C^,^ alkoxy. 
halo-substituted C^^ alkyl, hydroxy-substituted C^^ alkyl. amino, C^^ alkylamino, cyano or nitro; 1 is 0 or 1; and 
m and n are independently 0 or 1 . 

A compound according to claim 2, wherein Ar is phenyl or C^^ cycloalkyi; X^ and X^ are independently, halo, C^^ 
alkylthio, alkylsulfinyl or C^^ alkylsulfonyl; X^ is H, halo, amino, cyano or nitro, which is attached to 5-or 6-ring 
position of the benzimidazole ring system; and Y is -CRi=CR2-, wherein R^ and R2 are independently H or methyl. 

A compound according to claim 3, wherein Ar is phenyl, cyclopentyl or cyclohexyl; X^ and X^ are independently, 
fluoro, methylthio, methylsulfinyl or methylsulfonyl; X^ is H, fluoro. chloro, bromo, amino, cyano or nitro. which is 
attached to 5-ring position of the benzimidazole ring system; and Y is -CH=CH-. 

A compound according to claim 1 selected from 

(£)-2-(4-fluorostyryl)-1 -phenyl-1 H-benzimidazole; 
(£)-2-(2-fluorostyryl)-1 -phenyl-1 f/-benzimidazole hydrochloride; 
(£)-5-nitro-1 -phenyl-2-styryl-1 H-benzimidazole 
(£)-5-amino-1 -phenyl-2-styryl-1 H-benzimidazole dihydrochloride; 
(E)-5-bromo-1 -phenyl-2-styryl-1 /^benzimidazole; 
(£)-5-cyano-1 -phenyl-2-styryl-1 H-benzimidazole; 
(£)-2-(2-cyclohexylvinyl)-1 -phenyl-1 H-benzimidazole; 
(£)-2-(2-cyck3pentylvinyl)-1 -phenyl-1 H-benzimidazole hydrochloride; and 
(E)-1-phenyl-2-[2-(2-pyridyl)vinyl]-1H* nzimidazol . 
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6. A compound according to claim 5 selected from 

(£)-5-nitro-1 -phenyl-2-styryl-1 H-benzlmidazole; 
(£)-5-cyano-1-phenyl-2-styryl-1 H-benzimidazole; and 
(E)-2-(2-cyclopentylvlnyl)-1-phenyl-1H'b nzimidazole hydrochloride. 

7. A pharmaceutical composltbn which comprises a compound of the following formula I); 




and the pharmaceutically acceptable salts thereof wherein 



Ar is phenyl, C3.8 cycloalkyi, C^^ cycloalkenyl or heteroaryl which is connected to Y through a carbon atom, 
the heteroaryl being selected from pyridyl, pyridazinyl. pyrimidinyl. pyrazinyl. pyrrolyl. furyl. thienyl, oxazolyl! 
thiazolyl, isooxazolyl, isothiazolyl, imidazolyl, pyrazolyl. oxadiazolyl, triazolyl and tetrazolyl; 

is H. halo. C,^ alkyi, hydroxy. C^^ alkoxy, halo-substituted Ci^alkyl. hydroxy-substituted C,^ alkyl. (Ci^) 
alkoxy(Ci^)alkyl. amino. C^^ alkylamino, di(Ci^)alkylamino. amino C,^ alkyl. (Ci^)atkylamino(Ci^)alkyl, di 
(Ci^)alkylamlno(Ci^)alkyl, Ci^alkanoylamlno. di(Ci^)alkanoylamino. (q^)alkyl(Ci^) alkanoyl)amino. C^^ 
alkylsulfonylamino. Ci^alkanoyl. carboxyl, (Ci^) alkoxycarbonyl, aminocarbonyl, (Ci.4)alkyIaminocarbonyl. 
di{Ci^) alkylaminocarbonyl. cyano, nitro. mercapto. C^^ alkylthio. C,^ alkylsulfinyl, C^^ alkylsulfonyl, ami- 
nosulfonyl, C^^ alkylaminosulfonyl or d\(C^^) alkylaminosulfonyl; 

X2 and X3 are independently C,^ alkyl. halo, halo-substituted C^^ alkyl. hydroxy. C^^ alkoxy. mercapto. C^^ 
alkylthio. C^^ alkylsulfinyl. C^^ alkylsulfonyl. C^^ alkanoyl. carboxyl, (Ci.4)alkoxycarbonyl. aminocarbonyl. 
Ci^)alkylaminocarbonyl, di{Ci^)alkylaminocarbonyl, cyano. nitro, amino, C^^ alkylamino, di(Ci .)aIkylamino 
or C^^ alkylsulfonylamino; 

Y is -CRi=CR2- or -CsC-, wherein Ri and R2 are independently H. methyl, ethyl or halo- 

1 IsO, 1, 2. 3 or 4; and 

m and n are independently 0, 1, 2 or 3. 



and a pharmaceutically inert earner or diluent. 



8. A pharmaceutical composition according to claim 7. wherein Ar is phenyl. cycloalkyi. C4 g cycloalkenyl or 
heteroaryl selected from pyridyl, pyrrolyl and oxazolyl; X^ and X^ are independently C,^ alkyl. halo, halo-substituted 
Ci^ alkyl, hydroxy, C^^ alkoxy. C^^ alkylthio, alkylsulfinyl or C^^ alkylsulfonyl; X^ is H. halo. C,^ alkyl. 
hydroxy. C^^ alkoxy. halo-substituted C^^ alkyl. hydroxy-substituted C,^ alkyl, amino. C,^ alkylamino. cyano or 
nitro; 1 is 0 or 1 ; and m and n are Independently 0 or 1 . 

9. A pharmaceutical compositbn according to claim 8. wherein Ar is phenyl or C3.8 cycloalkyi; X2 and X3 are inde- 
pendently. halo. C,^ alkylthio. C^^ alkylsulfinyl or C^^ alkylsulfonyl; X^ is H. halo, amino, cyano or nitro. which is 
attached to 5- or 6-ring position of the benzimidazole ring system; and Y is -CR^ =CR2-, wherein Ri arid R2 are 
independently H or methyl. 

10. A pharmaceutical composition according to claim 9. wherein Ar is phenyl, cyclopentyl or cyclohexyl; X^ and X^ 
are independently, fluoro, methylthio. methylsulfinyl or methylsulfonyl; X^ is H, fluoro. chloro. bromo. arnino, cyano 
or nitro. which is attached to 5-ring position of the benzimidazole ring system; and Y Is -CH=CH-. 

11. A pharmaceutical compositfon according to claim 7. wherein th compound Is s lected from 



(E)-1 -ph nyl-2-styryM H-benzimidazole; 



24 



EP 0 846 689 A1 



(E)-2-(4-fiuorostyryl)-1 -phenyl-1 /f benzimidazole; 
(E)-2-(2-fluorostyryl)-1 -phenyl- 1 H-benzimidazole hydrochloride; 
(£)-5-nitro-1 -ph nyl-2-styryl-1 H-benzimidazole; 
{E)-5-amino-1 -phenyl-2-styfyl- 1 Af benzimidazole dihydrochlorid ; 
(E)-5-bronno-1 -phenyl-2-styryl-1 H-benzimidazole; 
(E)-5-cyano-1-ph nyl-2-styfyl-1H-b nzimidazole; 
(E)-2-(2-cyclohexylvinyl)-1 -phenyl-1 H-benzimidazole; 
(E)-2-(2-cyclopentylvinyl)-1-phenyl-1H-ben2lmidazole hydrochloride; and 
(£)-1 -phenyl-2-[2-(2-pyridyl)vinyl]-1 ffbenzimidazole. 

12. A pharmaceutical composition according to claim 11 , wherein the compound is selected from 



-phenyl-2-styryl-1 H-benzimidazole; 
(£)-5-nitro-1 -phenyl-2-styryl-1 H-benzimidazole; 
(E)-5-cyano-1-phenyl-2-styryl-1 H-benzimidazole; and 
(£)-2-(2-cyclopentytvinyl)-1 -phenyl-1 H-benzimidazole hydrochloride. 



13. A compound of the formula (I) or a pharmaceutical ly acceptable salt or composition thereof as claimed in any one 
of claims 1 to 6 and 7 to 12. respectively, for use as a medicament. 

14. The use of a compound of the formula (I), or of a pharmaceutically acceptable salt or composition thereof, as 
claimed in any one of claims 1 to 6 and 7 to 12, respectively, for the manufacture of a medicament for treating a 
medical condition in which prostaglandins are implicated as pathogens in a mammalian subject. 
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